Growth assays were conducted with 8-dayold crossbred chicks to evaluate the available choline in 44 and 49% protein soybean meals, and also in whole heat-treated soybeans. A choline-free (experimental basal diet)pretest diet was imposed from day 5 to 8 posthatching to diminish choline stores. Soybean sources were added at 5 and 10% to the basal diet, and a choline response curve was generated using 0, 175, and 350 ppm choline contributed from crystalline choline chloride. Slope-ratio and standard curve techniques were used to quantify the available choline content of each ingredient tested. Two sources of dehulled soybean meal were found to contain 1,614 and 2,026 ppm available choline, respectively. The latter sample was also evaluated in the presence of 2-amino-2-methyl-l-propanol, a specific inhibitor of choline biosynthesis, and a value of 2,024 ppm was obtained. The whole bean and 44% CP soybean meal were found to contain 1,844 and 1,664 ppm available choline, respectively. Using accepted table values (2,850, 2,743 and 2,420 ppm for dehulled, regular and whole bean, respectively) the availability of choline in the soybean products tested appears to range between 60 and 75%.
INTRODUCTION
Soybeans are considered an excellent source of choline for growing animals. Values determined chemically by the Engel method and reported by Engel (1943) and Almquist and 1 Present address: Washington University School of Medicine, St. Louis, Missouri.
2 Part of a thesis submitted to the Graduate College of the University of Illinois in partial fulfillment of the requirements for the M.S. degree in Nutritional Sciences.
s Department of Animal Science.
Maurer (1951) ranged from 2,860 to 3,000 ppm. Fritz et al. (1967) , using a chick assay, determined the available choline in soybean meal (SBM) to be 2,546 ppm. Using this information one would conclude that SBM contains an abundant quantity of biologically available choline. However, Berry et al. (1943a) , Marvel et al. (1943) and Mishler et al. (1946) reported that corn-SBM diets containing approximately 35% SBM resulted in consistently poor growth unless the diets were supplemented with choline. In a later report Berry et aL (1943b) concluded that neither solvent-nor expeller-processed SBM supplied an adequate quantity of choline for satisfactory chick growth. Without supplemental choline, expeller SBM supported significantly better growth than solvent SBM. Camp et al. (1955) also observed a response from supplemental choline when added to a diet containing 31% SBM and 3% fish solubles. The dietary choline requirement of young chicks fed a corn-casein diet has recently been evaluated by Ngo and Coon (1974) and found to be 834 ppm. Classen et aL (1965) noted that typical broiler diets may require at least 1,434 ppm choline for optimal performance. The discrepancy in these values could be due to differences in the availability of choline in the ingredients employed in each of these diets.
The studies described herein were initiated to determine the quantity of available choline in soybean products, since they provide the majority of choline in practical-type diets.
EXPERIMENTAL PROCEDURE
The composition of the choline-free crystalline amino acid diet used in all assays is shown in Sasse and Baker (1973b) .
diets were kept isocaloric by substituting arenaceous flour (a finely ground, high-purity silica sand), an energy diluent, for cornstarch. Triplicate groups of seven crossbred female chicks originating from the mating of New Hampshire males and Columbian females were used for growth studies. On the morning of day 5 posthatching, the corn-soybean meal starter diet was replaced with a choline-free pretest diet (experimental basal diet). On day 8 posthatching following an overnight fast, chicks were assigned to treatments. Pertinent information regarding experimental care, selection and allotment to treatments has been described previously (Sasse and Baker, 1974) .
The first assay was conducted to determine the available choline in dehulled soybean meal 5-04-612 (49% CP). Graded levels of choline (0, 175, 350 ppm) and soybean meal (5 and 10%) were fed in the presence and absence of .40% 2-amino-2-methyl-l-propanol, a specific inhibitor of choline biosynthesis (Wells and Remy, 4Special amino acid mix consisted of 7.27% L-arginine.HCl, 2.61% L-histidine-HCl.ltaO, 6.85% L-lysine.HCl, 3.33% L-tyrosine, 1.25% L-tryptophan, 4.98% L-phenylalanine, 1.25% L-cystine, 1.15% DL-methionine, 5.81% L-serine, 4.05% L-threonine, 7.89% L-leucine, 6.02% L-isoleucine, 5.41% L-valine, 19.24% L-glutamic acid, 8.63% L-aspartic acid, 3.94% glycine, 4.69% L-alanine, 5.62% L-proline-added at 4.72% of the diet. 1961). Also, graded levels of dehulled soybean meal (5 and 10%) were fed in the presence of adequate choline (.20% choline chloride). Chicks were fed the experimental diets from day 8 to 15 posthatching.
In the second assay the same graded levels of choline and soybean products were fed for the experimental period of 8 to 17 days posthatching. The soybean products in assay 2 included 44 (5-04-604) and 49% (5-04-612) CP soybean meal (SBM) and ground heat-treated soybeans (5-04-610) which were treated according to Borchers et al. (1948) . The dehulled SBM used in assay 2 was of different origin than that used in assay 1. A choline response curve was also generated in the presence of an amino acid mixture 4 designed to simulate the amino acids provided by the 10% dehulled SBM addition (Block and Weiss, 1956) .
The amounts of choline chloride and soybean products fed were chosen to furnish levels of choline that would result in gain in the linear portion of the chick's growth curve (Molitoris and Baker, 1976) . Linear regression equations were calculated using gain/chick (g) as the dependent variable, and consumption of crystalline choline (mg) or test ingredient (g) as independent variables. To estimate available choline in the soybean products, a comparison of the two calculated regression coefficients (i.e., ratio of the slopes) was made. For example, if gain/g SBM consumed is divided by A second method to estimate available choline utilized the standard curve procedure described by de Muelenaere et al. (1967) and Sasse and Baker (1973a) . A standard choline response curve was generated using crystalline choline chloride, which was assumed to be 100% available. The regression of gain on choline intake was calculated. Substituting into the regression equation the observed gain/chick data for chicks receiving the test ingredient, the quantity of available choline consumed by that group of chicks could be calculated. Knowing the consumption of both effective choline and test ingredient, the concentration (ppm) of available choline can be calculated. Standard errors of estimate were determined by calculating the available choline for each of the three replicates at the two levels of test ingredient and then establishing the standard error of the mean of these six observations. Although the standard curve method provides a simple and straightforward way to evaluate the data, the procedure assumes there is no experimental error in determining the standard curve when, in fact, there usually is. Therefore, the sloperatio technique is more satisfactory statistically.
R ESU LTS
Assay i. Performance as well as choline and SBM intake data are summarized in table 2.
Chicks gained faster (P<.O1) and more (P<.O1) efficiently when either crystalline choline chloride or dehulled SBM was added to the diet. The linear regression equation for the standard choline response curve was Y = 42.09 + .645X where X is choline intake (rag) and Y is gain/chick (g). The SBM regression equation was Y = 41.45 + 1.309X, where X is SBM intake (g) and Y is gain/chick (g). Supplemental soybean meal also produced a response (P<.O1) in gain and gain/feed when added to the choline-adequate control. Using the standard curve and slope-ratio techniques, the available choline in 49% protein SBM was found to be 2,021 and 2,030 ppm, respectively (table 5).
In the presence of .40% 2-amino-2-methyl-1-propanol (table 3) chicks gained faster (P<.01) when fed either supplemental choline or SBM. Feed consumption and gain/feed ratio could not be calculated accurately in groups where death occurred. Therefore, in the deterruination of available choline content, percent dietary choline was used as the independent variable, and only the standard curve technique could be used because feed consumption and hence choline and SBM consumption could not be accurately determined. The available choline was found to be 2,024 ppm (table 5) .
Assay 2. A new standard choline response curve was generated and the resulting equation was Y = 61.40 + .745X (X = choline intake in milligrams and Y = chick gain in grams). The regression equation for dehulled SBM, regular Pooled SE 1.6 aEach treatment mean consists of triplicate groups of surviving female chicks weighing 60 g initially for the experimental period 8 to 15 days posthatching.
bNumbers in parentheses indicate the number of surviving chicks; 21 were started on each treatment. cchicks fed a choline-free diet without added 2-amino-2-methyl-l-propanol gained 40.7 g during the 7-day assay period and all 21 chicks survived. dSolvent-extracted soybean meal (SBM) containing 48.4% crude protein. Amino acids added to simulate those provided by a 10% addition of dehulled SBM resulted in a growth depression (P<.05). Gain/ feed ratio, however, tended to increase. The regression coefficient (slope) increased from .745 to .820 (P>.05) when the choline standard curve was generated in the presence of the supplemental amino acid mixture.
Discussion
The validity of any biological availability study hinges on the assumption that the deficient nutrient is first limiting. Therefore, a response in the criterion being measured (in our case, growth) results only when and to the extent of supplementation of the primary nutrient (the nutrient first limiting in the basal diet). The response continues until another nutrient becomes more limiting. This latter situation can be avoided by working with a well-balanced diet in the linear portion of the primary nutrient's response curve. When testing ingredients containing other components beside the primary nutrient, it is necessary to carefully evaluate the secondary nutrients (all nutrients except the primary nutrient) added to the basal diet by the addition of the test ingredient. This is necessary to establish whether the added secondary ingredients are neutral, growth depressing or growth enhancing. The latter would seem highly unlikely, however, since inherent in the biological methods employed is the assumption that growth results only from provision of the primary nutrient.
The finding that the supplemental amino acid mixture depressed growth was not unexpected since it had been shown previously that addition of a balanced amino acid mixture to a complete crystalline amino acid diet resulted in decreased growth but increased efficiency of feed utilization (Velu et al., 1971) . It was therefore concluded that an amino acid imbalance did not cause the growth depression. It is of interest that the regression coefficient (gain/ mg choline consumed) did not decrease in response to additional amino acids. This is of particular interest when considered in light of work reported recently by Ketola and Nesheim (1974) . They found that a great excess of protein will increase the chick's dietary choline requirement. This could be construed to imply that excess dietary protein intake interferes with choline utilization. That such is not the case, at least with a small quantity of an amino acid mixture, is evident from our data. Indeed, it is entirely conceivable that the dietary requirement for choline could increase independently of any effect on choline utilization per Se. Ketola and Nesheim (1974) suggest that the elevated intake of protein could have affected the rate of choline biosynthesis, or that the activity of choline oxidase may have been increased. Molitoris and Baker (1976) found that balanced amino acid supplementation (i.e., excess protein) increased the chick's dietary requirement for choline. However, the activity of choline oxidase was not affected. They also found, as did Velu et al. (1971) , that increasing protein levels increase gain/feed ratio and protein deposition, but decrease fat deposition. They postulate that an increase in lean body mass s could increase the need for dietary choline, and that changes in choline biosynthesis and degradation may have been secondary.
Supplementing the choline-adequate crystalline amino acid diet with SBM resulted in increased gain and gain/feed. This had already been shown by Scott et al. (1966) and was therefore expected. Interpretation of why supplemental SBM results in such a dramatic increase in gain and gain/feed is difficult to explain. Blair et al. (1972) have suggested that soybeans contain unidentified growth factors. That this same response would occur in the case of choline-deficient diets is highly doubtful. Nonetheless, this would suggest that if a posis Essentially all the phospholipid-bound choline is found in lean body tissue as opposed to adipose tissue (Grigor et al., 1972; Wood, 1972) .
~Microbiological (Horowitz and Beadle, 1943 ) determinations were carried out by an independent analytical laboratory. An initial determination gave the following results for the test ingredients used in assay 2: 6,650, 6,480 and 4,270 ppm for the 49%, 44% CP and whole soybean, respectively. Since these values seemed unreasonable, a retest was requested. However, an ion-exchange (Decalso) purification was carried out on the extracts before the determinations were made. The values obtained were 1,800, 1,700 and 1,560 ppm for the 49%, 44% CP and whole soybean, respectively. The validity of this second procedure remains to be determined, and reassessment of the first procedure is also indicated. tive effect of soybeans were to have occurred, our estimates of available choline would have tended to be high rather than low.
The work of Fritz et al. (1967) was done with an intact protein diet in which SBM was substituted at 10 and 20% of the diet for corn gluten meal and gelatin. This protein substitution favorably altered the amino acid pattern of the basal diet. In particular, the basal diet to which SBM was added was below currently accepted N.R.C. (1971) requirements for sulfur amino acids, tryptophan, and arginine. Therefore, part of the response could have been due to the more desirable amino acid pattern created by the substitution of SBM. They also used concentration rather than absolute intake of choline for all calculations of available choline. Therefore, the effect of feed consumption was not factored out. Fritz et al. (1967) also determined the amount of choline in the products tested by the microbiological method of Horowitz and Beadle (1943) , and the chemical method of Fritz (1965) . Wide differences were noted in the two different methods. The chemical method consistently gave values below the chick assay method used to determine available choline. However, it should be noted that the chemical method of Engel (1943) is generally preferred over the chemical method of Fritz (1965) because the former involves a longer period of methanol extraction which allows more complete breakdown of proteinphospholipid complexes.
A comparison of the Engel (1943) and Horowitz (1943) methods for determining total choline has not been made. Therefore, it is difficult to conclude which gives the more accurate result. Scott et al. (1969) suggested that the microbiological method should be used for low-potency materials because of its greater sensitivity. The Fritz et al. (1967) values of available choline in SBM agree with those of Engel (1943) , but are below those found using the microbiological method of Horowitz and Beadle (1943) .
Because of the discrepancies in the two methods, we have purposely stressed available choline (ppm) and not the availability of choline (a percentage value based on the total choline of the test ingredient) 6. When availability percentages were reported (table 5) values for total choline were taken from an ingredient analysis table (Allen, 1974) .
The results presented here offer an explanation for the discrepancies in the young chick's requirement for dietary choline. Ngo and Coon (1974) added graded levels of choline chloride to a corn-casein diet and found a requirement of 834 ppm for maximal growth. Classen et al. (1965) , on the other hand, used a practical-type diet and determined the young broiler chick's dietary choline requirement to be 1434 ppm. Fifty percent of the choline (434 ppm) used by Ngo and Coon was choline chloride and therefore 100% available. The remaining 50% came from other dietary ingredients. By adding crystalline choline chloride to a choline-free amino acid diet, we have established a dietary requirement of 601 ppm for maximal growth of the young broiler chick (Molitoris and Baker, 1975) . If one assumes the choline in practicaltype ingredients to be 60% available, our requirement and that of Ngo and Coon (1974) are in close agreement. However, it should be remembered that these two groups of workers determined the choline requirement for maximal growth, and not for minimal incidence of perosis 7 .
Suggestions of less than 100% availability for the choline found in ingredients commonly used in practical-type diets are found in the work of Berry et al. (1943a ,b), Marvel et al. (1943 ), Mishler et al. (1946 and Camp et al. (1955) . They found corn-SBM diets having over 30% SBM and containing other practical ingredients high in choline (fishmeal, distillers dried solubles) to be inadequate in choline. For example, the basal diet employed by Marvel et al. (1943) contained 1,501 ppm choline from practical ingredients (corn 54.5%, SBM 34.5%, alfalfa meal .5% and distillers dried solubles .5%). Addition of .15% choline chloride to this diet increased gain substantially. Other early workers reported the same type of response. Camp et al. (1955) suggested that methionine could have been limiting in the earlier diets. Marvel et al. (1943) reported that either choline or methionine added to a corn-SBM diet resulted in increased growth. However, growth was not additive for the two supplements, and choline produced the greatest response. Therefore, the early corn-SBM diets could have been deficient in both choline and methionine, but were probably more deficient 7Although choline requirements for poultry tend to be somewhat higher for prevention of perosis than for achievement of maximal weight gain, the former is very subjective and not suitable for quantitative measurement.
in choline. The diets used herein contained adequate sulfur amino acids (methionine and cystine) and the response was therefore due entirely to choline.
Processing of the test ingredient may also affect the availability of choline. Berry et al. (1943b) reported that expeller SBM supported significantly better growth than solvent-extracted SBM when fed in a corn-based diet without supplemental choline. However, most feed ingredient tables list solvent-estracted SBM as having more total choline. The work herein suggests that the choline of whole heat-treated soybeans may be more available than that found in processed soybean meal.
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